Objectives: To determine if the lower mortality often observed in teaching-intensive hospitals is because of lower complication rates or lower death rates after complications (failure to rescue) and whether the benefits at these hospitals accrue equally to white and black patients, since black patients receive a disproportionate share of their care at teaching-intensive hospitals.
O
UTCOMES ARE GENERALLY better in hospitals with higher teaching intensity, [1] [2] [3] [4] [5] [6] but it is unclear how this benefit is achieved. Lower risk-adjusted mortality at teaching hospitals might result from the prevention of some complications, prevention of death after a complication has occurred, both, or even one effect offsetting the other. While teaching hospitals are generally larger and have more advanced technology, greater volume, and better nurse staffing 4, 7, 8 (attributes that may aid in both preventing complications and successfully treating complications), it is by no means clear whether all patients benefit equally from these attributes.
This study first examines surgical outcomes to determine whether differences in complication and failure-to-rescue rates explain observed differences in mortality rates between more and less teachingintensive hospitals. As a measure of death after complications, failure to rescue provides an important test of how well hospitals do in treating patients who develop complications. [9] [10] [11] We then examine how race is associated with outcomes at hospitals with higher or lower teaching intensity, as black patients both compose a disproportionate share of patients at teaching-intensive hospitals and obtain a disproportionate share of their surgical care at more teaching-intensive hospitals.
12,13

METHODS
STUDY SAMPLE
A description of the data set and the selection/ exclusion criteria has been previously reported in the Resident Hours Study, 14 which examined all Medicare patients admitted to short-term general nonfederal acute care hos-pitals from July 1, 2000, to June 30, 2005 , with principal procedure/diagnosis-related group classification of general, orthopedic, or vascular surgery. The initial sample included 6 610 766 surgical patients from 5736 acute care hospitals within 50 states. After exclusions, a total sample of 4 658 594 patients from 3270 hospitals was left.
STATISTICAL ANALYSIS
Outcome measures were death within 30 days of hospital admission, in-hospital complications, and failure to rescue. A patient was considered to have developed a complication if any complication was noted in the index hospitalization based on an algorithm published previously using the 1999-2000 Medicare Provider Analysis and Treatment File and available in the electronic appendix. 11 Failure to rescue was defined as a death following an in-hospital complication and has been described in detail in other publications. [9] [10] [11] [15] [16] [17] [18] [19] The risk adjustment approach used was developed by Elixhauser and colleagues, 20 Glance and colleagues, 21 and Quan and colleagues 22 at the Agency for Healthcare Research and Quality. We used age, sex, and 27 comorbidities (excluding fluid and electrolyte disorders and coagulopathy) 21, 22 and added 37 interaction terms derived from previous models using a 180-day lookback for comorbidities. 11, [23] [24] [25] [26] There were a total of 82 diagnosis-related group/principal procedure groups. 10, 11 Racial assignments were based on self-reports. To simplify the presentation, we sorted patients only by black and white race; other racial groups were coded as "other" and not reported in this analysis.
The number of residents per hospital was obtained from Medicare Cost Reports. The resident-to-bed ratio is defined as the ratio of (internsϩresidents)/average operating beds 4, 14, 27 and has been used in previous studies 2, 5, 6, 14 to differentiate "very major" teaching (resident-to-bed ratioϾ0.6) from less teachingintensive hospitals.
We tested the robustness of our findings with both logit regression models fitted by SAS Logistic and hospital random effects in a hierarchical model using SAS GLIMMIX. 28 To help illustrate the impact of race and teaching intensity on outcomes, we also used direct standardization. 19, 29, 30 After fitting our models with race and resident-to-bed ratio, we calculated the estimated probability of each outcome under 4 alternative assumptions: all patients were (1) white and in a hospital with a residentto-bed ratio of 0.6; (2) white and a resident-to-bed ratio of 0; (3) black and a resident-to-bed ratio of 0.6; and (4) black and a resident-to-bed ratio of 0. In this way, we can better illustrate comparisons of outcome rates by race and teaching intensity, adjusting for differences in the health of patients based on the distribution of risk factors for the entire study population. Table 1 describes the patient population. Black patients generally were younger but had more comorbidities than white patients. Patients at more teachingintensive hospitals were younger and had fewer comorbidities. Black patients undergoing procedures at nonteaching hospitals (resident-to-bed ratio = 0) were somewhat older and had more comorbidities than black patients at teaching-intensive hospitals (resident-tobed ratioϾ0.6).
RESULTS
DESCRIBING THE PATIENT POPULATION BY RACE AND TEACHING STATUS
EXAMINING THE RESIDENT-TO-BED RATIO
In Table 2 , we display the associations between the resident-to-bed ratio and other hospital characteristics often associated with better patient outcomes. [1] [2] [3] [4] 11, 17, 18 Larger resident-to-bed ratios were associated with higher proportions of hospitals with characteristics traditionally associated with better outcomes. In this report, we use the resident-to-bed ratio as a marker for a type of hospital, that is, as a proxy for the hospital characteristics associated with teaching intensity. Our models do not determine whether residents themselves cause the differences we observe. Abbreviations: CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; HTN; hypertension; PVD, peripheral vascular disease; RB, resident-to-bed ratio.
a P values that test differences between race (black vs white) or RB (0 vs Ͼ0.6) were all highly significant, and all were at the P Ͻ .001 level except for comparing black patients in hospitals with an RB of 0 vs hospitals with an RB of more than 0.6 for high blood pressure (P = .03), male sex (P Ͻ .001), and peripheral vascular disease (P =.004). Because of the large sample size, most small and large differences are statistically significant, but the small differences may not be clinically significant.
TEACHING INTENSITY AND OUTCOMES
For each outcome measure in Table 3 , we provide results for each surgical category separately and then for the combined group. There were 4 658 954 patients in the mortalityandcomplicationmodels,butonly2 021 314inthefailure-to-rescue model because the failure-to-rescue analysis included only those who had a complication or died. For patients with similar comorbidities and procedures at hospitals with high teaching intensity (resident-to-bed ratio=0.6 residents per bed) vs no residents (resident-to-bed ratio=0), the fitted odds of death were 15% lower (95% confidence interval [CI]=13%-16%) for the combined surgery group, with similar findings for subgroups. Results fitting a randomeffects model using individual hospital indicators were similar. Adding income (as defined by median income in the patient's zip code 31 ) to the combined surgery random-effects model did not change these results, suggesting that the observeddifferencesbetweenteaching-intensiveandnonteachinghospitalsarenotreflectingunequalaccessbyincomelevel. Abbreviations: CI, confidence interval; OR, odds ratio; RB, resident-to-bed ratio. a Model adjustment variables: congestive heart failure; valvular disease; pulmonary circulation disease; peripheral vascular disease; hypertension; paralysis; other neurological disorders; chronic pulmonary disease; diabetes mellitus without chronic complications; diabetes with chronic complications; hypothyroidism; renal failure; liver disease; peptic ulcer disease and bleeding; AIDS; lymphoma; metastatic cancer; solid tumor without metastasis; rheumatoid arthritis/collagen vascular disease; obesity; weight loss; chronic blood loss anemia; deficiency anemias; alcohol abuse; drug abuse; psychoses; depression interactions include: age ϫ cancer; age ϫ congestive heart failure; age ϫ chronic pulmonary disease; age ϫ diabetes; age ϫ right hemicolectomy; age ϫ fluid and electrolyte disorders; age ϫ past arrhythmias; age ϫ past pulmonary fibrosis; age ϫ renal failure; age ϫ stroke; age ϫ thrombosis; age ϫ valvular disease; age ϫ weight loss; angina ϫ renal failure; cancer ϫ major cardiovascular procedures, not elsewhere listed; cancer ϫ right hemicolectomy; cancer ϫ small-and large-bowel resection; cancer ϫ cholecystectomy except by laparoscope without common bile duct exploration; congestive heart failure ϫ chronic pulmonary disease; congestive heart failure ϫ congenital coagulopathy; congestive heart failure ϫ fluid and electrolyte disorders; congestive heart failure ϫ renal failure; congestive heart failure ϫ thrombosis; chronic pulmonary disease ϫ diabetes; chronic pulmonary disease ϫ resection of vessel with replacement, aorta; coagulation abnormality ϫ resection of vessel with replacement, aorta; diabetes ϫ hip and femur procedures except major joint, older than 17 years; drug abuse ϫ history of smoking; liver disease ϫ revision of knee replacement, not elsewhere specified; past myocardial infarction ϫ subtotal mastectomy; paralysis ϫ other procedures for creation of esophagogastric sphincteric competence; renal failure ϫ congenital coagulopathy; stroke ϫ paralysis; and weight loss ϫ other exploration and decompression of spinal canal. Adjustments included patient covariates but not race or income. Results including income adjustment yielded almost identical results. In contrast, the associations between the resident-tobed ratio and complication rates indicated no consistent relationship, with odds ratios (ORs) overlapping 1.0. However, similar to mortality, failure-to-rescue rates were consistently lower in hospitals with higher resident-to-bed ratios. Hospitals of high teaching intensity (resident-to-bed ratio=0.6) compared with nonteaching hospitals (residentto-bed ratio=0) were associated with 14% (95% CI, 12%-15%) lower odds of failure to rescue for combined surgery, with again similar findings for subgroup analysis. The random-effects model also produced similar results.
CRUDE (UNADJUSTED) OUTCOMES BY RACE AND TEACHING INTENSITY
In Table 4 , we can see that black patients had higher mortality rates and higher complication rates than white patients. White patients displayed a lower odds of death at teachingintensive hospitals vs nonteaching hospitals (OR, 0.92; 95% CI, 0.90-0.95), whereas black patients displayed a slightly increased but statistically insignificant odds of dying at the teaching-intensive vs nonteaching hospital (OR, 1.03; 95% CI, 0.97-1.09). For both white and black patients, there was amodestreductionincomplicationsattheteaching-intensive hospitals. Finally, whereas white patients displayed a reduction in failure-to-rescue rates in the teaching-intensive hospitals vs the nonteaching hospitals (OR, 0.94; 95% CI, 0.92-0.97), black patients displayed an increased failure-to-rescue rate (OR, 1.06; 95% CI, 1.00-1.12). Figure 1 displays the unadjusted results. For both black and white patients, rates of death were lower in the higher-teaching-intensity hospitals than in the nonteaching hospitals, although differences for black patients were far smaller than for white patients when comparing nonteaching with teaching-intensive hospitals. We compared the relative advantage of teaching intensity for black patients by calculating the odds of an outcome between the higher-(resident-to-bed ratioϾ0.6) and lower-(resident-to-bed ratio=0) teaching-intensity hospitals for black vs white patients. The relative benefit (if Ͻ1) or worsening (if Ͼ1) for black vs white patients at teachingintensive vs nonteaching hospitals was 1.12 (95% CI, 1.05-1.19; P=.001) for death, 0.99 (95% CI, 0.96-1.02; P=.50) for complications, and 1.12 (95% CI, 1.06-1.20; PϽ.001) for failure to rescue. Table 5 includes resident-to-bed ratio and race and their interactions. In model 1, in the first row of Table 5 , Abbreviations: CI, confidence interval; OR, odds ratio; RB, resident-to-bed ratio. a Odds ratio refers to odds of developing the outcome for the high-teaching-intensity group (RB Ͼ 0.6) as compared with the nonteaching group (RB =0). b The ratio of the ORs compares black patients with white patients at high-teaching-intensity hospitals with nonteaching hospitals. A ratio greater than 1 implies black patients are benefiting less than white patients at teaching-intensive hospitals compared with nonteaching hospitals. Crude mortality, complication, and failure-to-rescue (FTR) rates in black and white patients at hospitals with high-teaching-intensity (resident-to-bed ratio [RB]=0.6) vs nonteaching hospitals (RB=0). The relative differences between outcomes at hospitals with an RB of 0 vs an RB of 0.6 for black vs white patients were significant at the P =.001 level for death and P Ͻ .001 for FTR comparisons; the relevance difference for complications failed to reach statistical significance (P=.498).
ADJUSTED OUTCOMES BY RACE AND TEACHING INTENSITY
Model 1 in
the mortality model tests whether the odds of dying for black patients were higher or lower than for white patients in hospitals without residents (resident-to-bed ratio=0). The adjusted odds of dying were 0.96 (95% CI, 0.95-0.98) for black patients compared with white patients at nonteaching hospitals (resident-to-bed ratio=0). We then compared the odds of dying in a highly teaching-intensive hospital (residentto-bed ratio=0.6) with a hospital with a resident-to-bed ratio of 0. For combined surgery, for white patients, the odds of dying were 0.83 (95% CI, 0.81-0.84), representing 17% (95% CI, 16%-19%) lower mortality in hospitals with a resident-to-bed ratio of 0.6 vs 0. However, black patients displayed an OR of 1.04 (95% CI, 0.99-1.08) comparing hospitals with a resident-to-bed ratio of 0.6 with hospitals with a resident-to-bed ratio of 0. Hence, the mortality differences associated with teaching hospitals differed substantially for white and black patients (17% lower for white patients and 4%higherforblackpatients)whencomparedwithnonteaching hospitals. The ratio 1.04/0.83 of these ORs (ie, the raceϫresident-to-bedratiointeraction)is1.25(95%CI,1.20-1.31) and represents the relative benefit (if Ͻ1) or worsening (in Ͼ1) in black patients relative to white patients when comparing nonteaching hospitals (resident-to-bed=0) with teaching-intensive hospitals (resident-to-bed ratio=0.6) (see model 2 of Table 5 ). When we adjusted for Medicare geographic region in these models, our results were unchanged (results not shown). The next analysis compares black and white patients in the same hospital, in contrast to comparing black and white patients at different hospitals with the same residentto-bed ratio. We fit a model in which the resident-tobed ratio was replaced by hospital indicators or fixed effects, so resident-to-bed ratio appears in the model only in the interaction with race. As can be seen from the row of Table 5 labeled "Model 3: Hospital Fixed Effects," in this alternative fixed-effects model, the overall ratio of the black patient to white patient ORs comparing residentto-bed ratio of 0.6 with resident-to-bed ratio of 0 is still large but somewhat smaller, namely 1.13 (95% CI, 1.07-1.19; PϽ .001). This suggests that even after controlling for the individual hospital, black patients benefit less than white patients when comparing highly teachingintensive and nonteaching hospitals. The randomeffects model specifying each hospital with an indicator variable (Model 4 in Table 5 ) gave similar results for the resident-to-bed ratioϫblack patient interaction, with the OR for death being 1.18 (95% CI, 1.12-1.24).
Complications displayed a very different pattern. Among patients in the combined surgery group, at nonteaching hospitals (resident-to-bed ratio=0), black patients had a 14% (95% CI, 13%-15%) higher odds of developing a complication than white patients. White patients in highly teaching-intensive hospitals (residentto-bed ratio = 0.6) had no different odds of complications than white patients in nonteaching hospitals (OR = 1.0; 95% CI, 0.99-1.00). Similarly, for black patients, the odds of developing complications were not different (OR, 0.99; 95% CI, 0.97-1.01) and not significant when comparing hospitals with a resident-to-bed ratio of 0.6 vs 0. The 2 models with fixed or random hospital indicators yielded the same conclusion.
Failure-to-rescue results are reported in the last column of Table 5 and are generally similar in pattern to the mortality results. White patients, but not black patients, had lower failure-to-rescue rates at teaching hospitals compared with nonteaching hospitals.
To better display the associations noted in Table 5 , the directly standardized rates of death, complication, and failure to rescue are displayed in Figure 2 for each of 4 hypothetical (or "standardized") patient groups: a black or white patient in a hospital with a resident-to-bed ratio of 0.6 or 0. In terms of mortality and failure to rescue, white patients do better at teaching hospitals than nonteaching hospitals, but black patients do about the same at teaching and nonteaching hospitals. While complication rates were higher in black patients than white patients, resident-to-bed ratio had little association with whether white or black patients developed complications. However, whereas white patients were more likely to survive after experiencing a complication at a teachingintensive hospital as compared with a hospital without residents, this was not the case for black patients.
COMMENT
We found, as have others, 1, 3, 11, 32, 33 that hospitals with higher teaching intensity appear to have lower risk- Abbreviations: CI, confidence interval; OR, odds ratio; RB, resident-to-bed ratio. a Separate models using general surgery, orthopedics, or vascular surgery without and with adjustment for the individual hospitals (a fixed-effects approach) produced mostly similar results, as did a random-effects model including individual hospitals. In this Table, we report models for the combined surgery group only. Separate models using general surgery, orthopedics, or vascular surgery without and with adjustment for the individual hospital (a fixed-effects approach) produced mostly similar results.
adjusted mortality after major surgery than less teachingintensive hospitals. Previous studies have shown similar or higher postoperative complication rates at teaching hospitals than at nonteaching hospitals. [34] [35] [36] [37] [38] We now demonstrate that the lower mortality rates in surgical cases are mediated by fewer deaths among patients who experienced complications (lower failure to rescue) and not by lower rates of complications. Moreover, this finding does not change when adjustments are made for zip code level income, suggesting that lower failure-to-rescue rates in this population are not generated by unequal access to higher teaching-intensity hospitals by patients of different incomes.
It is therefore of interest to find, when using data from the entire Medicare population in the United States, that black patients, unlike white patients, do not experience lower surgical mortality and failure-to-rescue rates at teaching-intensive hospitals. It appears that black patients fare about equally well in teaching and nonteaching hospitals, whereas white patients have significantly better risk-adjusted mortality and failure to rescue at teaching hospitals than at nonteaching hospitals.
Why does this racial disparity in mortality and failure to rescue exist? This disparity is smaller, though still substantial, in the model with a separate fixed effect for each hospital. This indicates that some, but by no means all, of the disparity stems from black patients going to teaching hospitals with similar resident-to-bed ratios but worse mortality and failure-to-rescue rates than their white counterparts (a similar effect was reported by Lucas et al 39 and Barnato et al 40 ). However, our study found that the withinhospital disparities are large, significant, and more substantial than those observed in previous work. 13, [40] [41] [42] In earlier work, we also studied racial differences in the length of surgery for comparable procedures and found lower-income black Medicare patients had surgery that took on average 29 minutes longer than white patients of similar income (PϽ.001). In part, this was because black patients tended to go to teaching hospitals that had longer procedure times. 43, 44 However, even when adjusting for the individual hospital, procedure time remained significantly longer in black patients, but now by 7 minutes (PϽ.001). Inside some very major teaching hospitals, the black-white difference was not apparent, while in others, the difference was more than 16 minutes for comparable surgery. The observed racial disparities in adjusted procedure length raise questions as to whether there are potential differences in who provides care to these populations at teaching-intensive hospitals.
Why racial differences in failure to rescue should occur within hospitals is not well understood, but there are many possibilities. Chan et al 45 report that black patients were 22% (PϽ.009) more likely to experience a delay in initiating defibrillation than their white counterparts, with arrests occurring in unmonitored beds more often than in white patients (PϽ.001). Are black patients being monitored in the same way as their white counterparts? In search of a more general cause, Balsa and McGuire 46 have described a process of "statistical" discrimination in which unintentional actions potentially based on poor communication may lead to disparities in outcomes. This could be exacerbated in time-pressured environments in which relatively inexperienced providers deliver much of the care. Unintentional differences in communication 47 might lead to less appropriate or less accurate monitoring of black patients or less involvement in their care by personnel who could make a difference in reducing failure to rescue. In our previous work, we considered the possibility that the differences in surgical procedure length between whites and black patients may be because of different levels of involvement of physicians in training in black vs white patients. 43, 44 How does the difference in income between black and white patients relate to the disparity in failure to rescue? This is a complex issue because these are Medicare, non-health maintenance organization patients and, in principle, income should not be a factor in care, though gaps between principle and practice might occur. We did Standardized mortality, complication, and failure-to-rescue (FTR) rates in black and white patients at hospitals with high teaching intensity (resident-to-bed ratio [RB]=0.6) vs those with low teaching intensity (RB=0). These are directly standardized results derived from model 1 of Table 5 . The model was used to predict the outcomes of an artificial population in which the distribution of risk factors was the same for black and white patients and for patients at teaching-intensive and nonteaching hospitals. The relative differences between outcomes at hospitals with an RB of 0.6 vs 0 for black vs white patients were significant at the PϽ.001 level for death and FTR comparisons; complications failed to reach statistical significance.
adjust for median income within the zip code of residence, and after adjustment, teaching-intensive hospitals still had lower failure-to-rescue rates than nonteaching hospitals in white patients but not black patients, suggesting that the apparent benefit of teaching intensity is not an artifact of unequal income. It also was interesting that at nonteaching hospitals, black patients actually had slightly lower overall adjusted mortality than white patients, although the crude mortality rates were higher for black patients than white patients in nonteaching hospitals. [48] [49] [50] [51] We would not want to make too much of our finding since the coefficient on the race difference in nonteaching hospitals was small (an OR of 0.96) and recent work by Volpp et al 49 and Polsky et al 50 reports that black patients were noted to have lower 30-day mortality than white patients for a number of conditions, but this reversed with longer follow-up.
There are limitations to our study. Although we report on a very large sample size based on Medicare claims data, the trade-off is that these records do not contain medical record-based data. For example, we do not have details on the sequencing or severity of complications and do not know whether subgroups in this study had a different distribution of complications that may partially explain our findings. 52, 53 Relying on claims data, and not medical record review, does leave open the possibility that racial differences in mortality and failure to rescue may be because of unmeasured severity. However, our study compared white patients at less teaching-intensive hospitals with white patients at more teaching-intensive hospitals and the same for black patients. Hence, for our severity adjustment to be inadequate, even after our extensive risk adjustment, white patients entering teaching hospitals would need to be in better health than white patients entering nonteaching hospitals, but blacks entering teaching hospitals would need to be in the same health as black patients entering nonteaching hospitals. If black patients were sicker than white patients in the same unmeasured ways on admission to all hospitals, this by itself would not produce the pattern of mortality and failure-to-rescue rates that we found.
In conclusion, teaching-intensive hospitals with high resident-to-bed ratios have lower risk-adjusted mortality rates after major surgery than hospitals with lower ratios or without residents. This better survival is mainly because of better failure-to-rescue rates after postoperative complications. However, on average, while white patients have lower mortality and failure-to-rescue rates at teaching-intensive hospitals, black patients do not. September 8, 2008 .
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